A new method for the determination of linoleic acid (LA) in toothpaste by a routine analysis has been proposed. Studies were based on the ISO 5509 procedure, which was modified for the purpose of LA determination in the toothpaste. Gas chromatography (GC) was employed for the qualitative and quantitative determination of linoleic acid methyl ester. The content of LA (5.31%) in sunflower oil added to the toothpaste composition (0.5%) was determined, and then the optimization studies for the determination of LA in the toothpaste samples were carried out. The relative standard deviation (RSD) of the procedure developed was 9.96% (n = 9). The quantitative analysis showed that the content of LA in the toothpaste samples studied was 0.0258 ± 0.0011%. The detection limit of LA in toothpaste was approximately 0.001%.
Introduction
Results published in recent years indicate the importance of food fatty acid (FA) composition in human nutrition and health. In general, adults are recommended to decrease their intake of saturated and trans FAs and to increase their intake of n-3 polyunsaturated FAs (PUFAs). Besides, the n-3 PUFA interest in conjugated linoleic acids (CLAs) has increased considerably over the last years because of their potential beneficial effects on health, such as reducing high cholesterol levels and preventing heart diseases. [1] [2] [3] [4] [5] [6] Periodontosis and tooth loss were significantly associated with cardiovascular disease and with coronary heart disease. Dental infection may be one of the explanatory factors that link periodontosis and cardiovascular disease. It was found that tooth loss could be prevented by n-3 fatty acids. 7, 8 Vegetable oils are complex systems whose base components are fatty acid triglycerides. In sunflower oil, linoleic acid (C18:2), oleic acid (C18:1), palmitic acid (C16:0), and stearic acid (C18:0) together account for 98% or more of the total fatty acids. The edible quality and high stability of sunflower oil against oxidation during long-term storage and thermal treatment strongly depend on the oleic and linoleic acid content. 9 Many attempts have been made for the separation and determination of fatty acid by gas chromatography (GC), 1, 10, 11, 17 high-performance liquid chromatography (HPLC) 11, 12 and capillary electrophoresis (CE), where the analyte is first isolated using liquid-liquid extraction or solid-phase extraction prior to the analytical separation. 13 Derivatization methods are necessary for these methods, either to increase the volatility of analytes (the case for GC) or to improve the sensitivity as in HPLC and CE methods. 14, 15 In current GC analysis, commonly employed today, fatty acids are generally converted to their methyl esters and then injected into a capillary GC. Methylation and GC conditions, such as programmed-temperature, split injection, as well as type of capillary column, carrier gas, and detector, are all important determinants of accuracy and precision. 13, 16 Some toothpastes containing oils are already commercially available. Therefore, there is a necessity to check the presence of fatty acids and to perform quantitative analyses in such toothpaste samples. The main purpose is to detect samples that deviate from the prescribed parameter values, which are regulated by the state or manufacturer. 17 The aim of this study was to develop a procedure for the determination of the low concentrations of linoleic acid in the toothpaste.
Gas chromatography was employed for the qualitative and quantitative determination of linoleic acid methyl ester.
Experimental

Reagents and chemicals
All reagents used were of analytical grade. HPLC-grade methanol and potassium hydroxide were purchased from POCh S.A. (Gliwice, Poland). Linoleic acid methyl ester (>99%), heptadecanoic acid methyl ester (99%) and isooctane (≥99.5%) were obtained from Sigma-Aldrich (Chemie GmbH, Steinheim). Samples of toothpaste containing 0.5% of sunflower oil and the very sunflower oil which was added to the toothpaste composition were obtained from manufactures of the toothpaste.
Each reaction mixture (derivatization) was prepared one day before analyses. KOH in the amount of 13.1 g KOH/100 ml CH3OH was dissolved in methanol; then anhydrous sodium sulfate was introduced into the mixture in order to dry a solution. Then, the solution was filtrated.
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Procedure
Sunflower oil samples in amounts of 5.2, 8.0 and 11.2 mg were precisely weighed and introduced into several 7 ml vials. Then, linoleic acid methyl ester in amounts of 0, 0.5, 0.8, 1.0, 1.2, or 1.5 ml was injected into each sample of oil; these amounts corresponded to 0, 0.445, 0.7112, 0.889, 1.0668 or 1.335 mg, respectively. Samples of oil were subjected to transestrification reactions by the use of 3 ml of KOH/CH3OH mixture. Samples were centrifuged for 10 min. After this time, the reaction mixture was flooded with 2 ml of isooctane with internal standard (heptadecanoic acid methyl ester, conc. = 80 mg/100 ml) and extraction was carried out for 10 min by the use of the same rotator. After delaminating of the extract, the isooctane layer (2 ml) was injected into a GC column.
An analogous method to the oil sample derivatization was applied for the determination of linoleic acid in the toothpaste samples. The toothpaste samples in amounts of 2 g were precisely weighed and introduced into the several 7 ml vials. Next, a small amount of linoleic acid methyl ester was dissolved in isooctane (1:1, v/v). The standard mixture prepared in this manner was injected into each toothpaste sample in amounts as follows: 0, 0.5, 0.8, 1.0, 1.2 or 1.5 ml, which corresponded to 0, 0.222, 0.356, 0.445, 0.533 or 0.667 mg, respectively. The prepared samples were dried at a temperature of 105˚C or were subjected to lyophilization till the dry matter was set. The dried samples were delicately broken up and 3 ml aliquots of reaction mixture (CH3OH/KOH) were added. Derivatization reactions were performed for 20 min at continuous stirring (rotator). After this time, 2 ml of isooctane with internal standard (heptadecanoic acid methyl ester, conc. = 80 mg/100 ml) were poured into each sample and extraction was carried out for 10 min. Then, after delaminating of the extract, 2 ml of isooctane layer were injected into the GC column.
In all our studies, linoleic acid was identified according to similar peak retention times using standards, and was quantified using the chromatographic peak area according to the internal standard (IS) method. The response factor (rf) of the LA methyl ester was calculated.
Apparatus
All GC analyses were performed on a HP6890 (HewlettPackard, USA) model equipped with an on-column injector and a flame ionization detector (FID). A fused silica capillary column coated with a 0.1-mm film of HP-FFAP (polyethylene glycol), 30 m long and 0.53 mm i.d., was used. Helium was used as a carrier gas at a constant flow rate of 1.2 ml/min. The amount injected was 2 ml. The temperature of the injector was 103˚C and the detector was 270˚C. The initial oven temperature was 100˚C, and then programmed to 240˚C at 6˚C/min.
Results and Discussion
In order to develop the procedure for the determination of linoleic acid in the toothpaste samples, we have received from the manufacturer the samples of toothpaste containing 0.5% of sunflower oil as well as the very sunflower oil which was added to the toothpaste composition. Such materials facilitated our determinations and made monitoring of the quantitative content of linoleic acid in the toothpaste samples possible.
The first stage of experiments included selection of conditions for the chromatographic analyses. The chromatographic column and the oven temperature program applied allowed us to achieve separation of the peak deriving from linoleic acid methyl ester from the peaks due to other esters in the mixture and other peaks coming from the compounds present in the toothpaste samples. A chromatograph obtained as a result of analysis of the toothpaste sample with sunflower oil is presented in Fig. 1 .
In the next step, precision of analyses was estimated by injections of linoleic acid methyl ester solution (conc. 0.445 mg/ml) repeated eight times; moreover, injection of the same sample of oil (15 mg) after transestrification was also repeated eight times. The relative standard deviations (RSD) were determined; their values were 2.3 and 4.6%, respectively.
The aim of the consecutive studies was to define the linearity of standardization curve in such a range of concentrations such that the values obtained by analysis of 2 g of the toothpaste were contained in the determined range of the standardization curve. For this purpose, solutions of linoleic acid methyl ester in isooctane were prepared at concentrations within the range from 0.222 to 2.667 mg/ml. From the results obtained, the standard curve was drawn; its relative correlation coefficient (R 2 ) was 0.998.
The accurate results of chromatographic analyses were the bases for analyses of linoleic acid content in a sample of the sunflower oil introduced into the toothpaste. According to the ISO 5509 method, the oil should be dissolved in the solvent (isooctane), and then the reaction mixture (CH3OH and KOH) should be added. 18 The preliminary studies for development of the method for the determination of oil (acids) in the toothpaste samples showed that better results were achieved in the case when the reaction mixture was first added to the toothpaste and then the solvent (extractant) was introduced. This result is due to the fact that the toothpaste was dispersed in the reaction mixture, which facilitated a contact of reagents with the whole bulk of the toothpaste. Therefore, analyses of oil were also performed by introducing the reagents in the sequence mentioned above.
In the first stage of our studies, we employed the calibration curve method and later, we used the calibration curve with addition of internal standard (response factor). Unfortunately, none of these methods gave satisfactory results of quantitative analysis. The precise results were obtained only in the case when the analyte (as an internal standard) was introduced directly into the toothpaste samples. Identical treatment of analyte and internal standard during the whole procedure allowed us to obtain sufficiently precise results of the quantitative analyses.
Evaluation of the accuracy of the developed method was possible since we have at our disposal the toothpaste with known oil content, toothpaste with no oil added and the sunflower oil which was introduced into the toothpaste.
After preliminary studies, a decision was taken that the quantitative analyses of linoleic acid, both in the oil and toothpaste samples, would be performed by a calibration method with addition of a standard solution (analyte).
In order to achieve the accurate results of a quantitative analysis, we prepared samples containing sunflower oil of three different concentrations. For this purpose, the oil samples of 5.2, 8.0 or 11.2 mg were precisely weighed into vials of 7 ml volume (in eight repetitions, 18 samples all together). Then, derivatization and extraction were performed according to those in the procedure section.
After chromatographic analysis, three calibration curves were drawn; their linear correlation coefficients are R 2 > 0.99. An example of a calibration curve determined for the oil content of 11.2 mg is illustrated in Fig. 2 .
The content of linoleic acid methyl ester in each sample of oil studied was determined from the intersection point of the calibration curve with the x axis. The content of linoleic acid was calculated from three calibration curves determined for three different concentrations of oil: 5.31, 5.27 and 5.34%, respectively. Hence, the mean content of linoleic acid in the sunflower oil studied was 5.31%.
The development of a method for the determination of linoleic acid in the toothpaste samples was a troublesome task due to the difficulties connected with extraction of oil from the sample matrix, the low concentration of oil in the toothpaste (0.5%) and the low concentration of linoleic acid in the oil introduced to the toothpaste composition (5.31%). The first trials involving extraction of oil from the toothpaste samples failed since the toothpaste was insoluble in organic solvents. The following trial comprised a series of operations: dissolution of the toothpaste in water (the only solvent in which the toothpaste would disperse), extraction of oil from water by a solvent, evaporation of solvent, derivatization, extraction and GC analysis. This method of sample preparation produced non-repeatable results and very low oil recoveries from the toothpaste samples.
Due to these problems, we decided to perform derivatization directly in the toothpaste samples. For that purpose, a suitable amount of the toothpaste was flooded with the reaction mixture and then, after the reaction was completed (shaking for 20 min), extraction by means of isooctane (2 ml) was performed. The results obtained showed good repeatability of analyses; however, very low recoveries of oil from the toothpaste samples were obtained (approx. 10%). The humidity of the toothpaste was calculated and it was found that it was about 55%. Due to the fact that the presence of water is unfavorable for derivatization reaction, the next set of experiments were carried out by the use of dried toothpaste samples. The yield of oil extraction from the toothpaste samples after drying them to a dry matter increased to approximately 40%. In order to remove water from the toothpaste samples, we also applied lyophilization. The identical results were obtained in the both cases: i.e., lyophilization (performed to obtain a dry matter) and drying the samples.
Then, some studies on the precision of the method were carried out. They consisted in analyses of nine identically prepared samples by the method developed. The response factor was calculated from the peak areas of linoleic acid methyl ester and the internal standard. The relative standard deviation (RSD) was 9.96% and it was surely a satisfying result for such a complicated procedure. In the next step of studies, the content of linoleic acid in the toothpaste samples was determined. Analyses were performed according to the procedure described. Three test runs of the toothpaste were prepared so that three calibration curves and three results of the quantitative analysis were obtained. The calculations showed that content of linoleic acid in the toothpaste samples was 0.0258 ± 0.0011%.
The detection limit was found to be 0.001%, at a signal-tonoise ratio of 3:1.
The results of quantitative analyses proved that the content of linoleic acid in the samples tested was comparable to that suggested by the manufacturer. Other types of toothpastes with various compositions (without oil) were also tested in such a manner that the amounts of sunflower oil analogous to that contained in the original toothpaste supplied by manufacturer were added. Independently of the type of toothpaste, the results were similar. It was possible to obtain such precise and repeatable results due to application of calibration method with addition of the internal standard in the form of analyte and calculation of the response factor. Moreover, it is not required to determine the recovery while applying this calibration method. The recovery would be different for each type of the toothpaste and for each lot of samples and therefore it would be very difficult or even impossible to determine.
Conclusions
A method for the determination of linoleic acid in the toothpastes containing sunflower oil (prevention against peridentosis) has been developed. The procedure involves a direct derivatization of fatty acids to their methyl ester derivatives in the previously dried toothpaste samples, extraction of the esters formed by means of isooctane and chromatographic analysis (GC-FID). The procedure presented is time-and laborconsuming but it allows obtaining reliable and precise results of the quantitative analysis.
